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IN THE SPECIFICATION : 

Please replacT the originally filed specification with the attached substitute 
specification. A "Version With Marked Changes Made" is submitted herewith. 

IN THE ABSTRACT ^ 

Please amend the Abstract as follows: 

ABSTRACT OF THE DISCLOSURE 

A method for controlled synchronization to an astable clock system, and 
reception unit corresponding thereto are disclosed. Soft synchronization using a slight change in 
the period duration of the clock signal produced makes it possible to alter said clock signal such 
that a phase difference between the stable clock signal produced by a phased locked loop upon a 
synchroni2ation signal and the clock signal produced for an application is slowly reduced until 
the two clock signals are in synchronization with one another after a period of time. 

A "Version With Marked Changes Made" is submitted herewith. 
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IN THE CLAIMS: 



Please amend claims 1-7 as follows: 



1. 



(Amended) A synchronization method for a reception unit, said method comprising: 



transmitting synchronization signals from a transmission unit to at least one reception 

unit; 

supplying said synchronization signals from said at least one reception unit to a first 
clock transmitter, said first clock transmitter outputting a stable nxmiber of clock signals between 
two of said synchronization signals; and 



driving a second clock transmitter using said stable clock signals, said second clock 
transmitter generating a second clock signal which is continuously present, even when said stable 
clock signals are absent, wherein a phase difference arising between said first clock transmitter 
and said second clock transmitter is compensated for by influencing a period duration of said 
second clock transmitter. 

2. (Amended) The method of claim 1, wherein only slight changes in said period 
duration of said second clock transmitter are made such that said phase difference is 
continuously reduced within a prescribed time period until said stable clock signals and said 
second clock signal are synchronous with one another. 
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3 . (Amended) The method of claim 1 or 2, wherein said period duration of said second 
clock transmitter is influenced such that a shorter interval between phases of said stable clock 
signals and said second clock signal are reduced. 

4. (Amended) The method of claim 1 or 2, wherein said second clock transmitter is 
driven with a prescribed standard period duration in the event said first stable clock signals are 
absent. 

5. (Amended) The method of claims 1 or 2, wherein said at least one reception unit 
supplies said synchronization signals to said first clock transmitter via a phase regulator in a 
phase locked loop. 

6. (Amended) The method of claim 9, wherein corrections in said period duration of said 
first clock transmitter, which are ascertained by said phase regulator fi-om clock pulse to clock 
pulse, are taken into account both in said stable clock signal and in said second clock signal. 

7. (Amended) A reception unit for synchronizing signals, said reception unit comprising: 
a first clock transmitter, said first clock transmitter outputting a stable number of clock 

signals between two of synchronization signals received fi-om a transmission unit; and 

a second clock transmitter, said second clock transmitter using said stable clock signals, 
said second clock transmitter generating a second clock signal which is continuously present, 
even when said stable clock signals are absent, wherein a phase difference arising between said 
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first clock transmitter and said second clock transmitter is compensated for by influencing a 
period duration of said second clock transmitter. 



Please add new claims 8 and 9 as follows: 

8. (New) The method of claim 5, wherein said phase regulator, upon receiving said 
synchronization signals, ascertains instantaneous phase errors and readjusts said first clock 
transmitter such that said first clock transmitter outputs a nominal number of clock signals 
between two synchronization signals. 

9. (New) The method of claim 6, wherein fluctuations in said period duration of 
said first clock transmitter, which are corrected by said phase regulator, are mapped onto said 
second clock transmitter. 

A "Version With Marked Changes Made" is submitted herewith. 
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REMARKS 



The attached substitute specification contains no new matter as is apparent from 
the enclosed "Version With Marked Changes Made". 

The amendments to the "Abstract" and "Claims" are reflected in the attached 
"Versions With Marked Changes Made." 

Action on the merits is awaited. 



Respectfully suhwiitted 




Geist 

Office Reg. No. 27,551 

Attorney for Applicant 

BAKER BOTTS L.L.P. 
30 Rockefeller Plaza 
New York, NY 10112 
(212) 408-2500 
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SPECIFICATION 



SUBSTITUTE SPECTFTCATTON 



FIELD OF THE INVENTION 
[00011 The present inv ention relates to synchronization of transmitted signals. 
In particular, the present invent ion relates to synchronizing signals transmitted 
to a reception unit by a transmission unit. 



BACKGROUND OF THE INVENTTON 

The prco o nt invontion rolatcp to a o^nchronization method for a r c coption 
unit, whore cyclically omitted 0}Tichromzation oignalo arc tranamittcd to the rccoption 
unit by a tranomioaion unit, whoro tho roc option unit suppUcs the □>Tichromzation 
oignalo to a firot clock tranomittor, whoro tho first clock tranomittor outputa an 
essontially otablo number of clock aignals botwoon two a^Tichronization signala, and 
also a roception unit corroGponding thereto. 

MM. Such o>Tichronization mothodo and tho corrospondin g Reception units. 

and methods for synchro nizing signals are generally known. These known 

reception units are laio\\'n g e nerally. Th o y are used, among other things, in fieldbus 
systems, e.g. in the PROFIBUS. Such fieldbus systems are distributed control 
systems which generally have a transmission unit (head assembly, bus master) and a 
multiplicity of reception units (slaves). The individual slave assembhes are usually 
driven by virtue of the transmission unit transmitting an instruction message to the 
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reception units. Upon receipt of the instruction message, the reception units output to 
a controlled technical installation nominal values which have been transmitted to them 
previously by the transmission unit. At the same time, they read in from the 
controlled technical installation actual values which they subsequently transmit to the 
transmission unit. The transmission unit then calculates new nominal values which it 
transmits to the individual reception units, so that the reception units are ready for the 
next instruction message. 

fQ003] The instruction messages are sent by the transmission unit with 
equidistant timing. From the instruction messages it is therefore possible to derive 
synchronization signals which can be used to synchronize the reception units to the 
transmission unit. 

IflflMl hi practice, some latitude in time remains between transmission of the 
actual values read ia-teinto the transmission unit and transmission of the nominal 
values to the reception units, on the one hand, and transmission of the next instruction 
message, on the other hand. This latitude is generally used for "acyclic" messages. 
In this context, delays by the acyclic messages may cause individual instruction 
messages to be sent late. Reception of such instruction messages sent late causes 
erroneous resynchronization of the reception units. In many appKcationa, this 
e rroneous reG>'nchronization is not critical. 
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fQQO^I In time-critical applications , on tho other hand , particularly when coupling 
interpolating drive axes, such erroneous resynchronization cannot be tolerated. To 
prevent it, a phase regulator has therefore been proposed such that the reception unit 
supplies the synchronization signals to &ea first clock transmitter via this phase 
regulator in a phase locked loop, and, upon receipt of the synchronization signals, the 
phase regulator ascertains instantaneous phase errors and readjusts the first clock 
transmitter such that the first clock transmitter outputs a nominal number of clock 
signals between two synchronization signals. To achieve sufficient accuracy in the 
synchronization with the transmission unit, it has been proposed that the phase 
regulator integrate the instantaneous phase errors to form an integration value, and 
that the integration value be corrected to form an integration fraction, the integration 
fraction being less than one-fef. This method is described in foreign patent 
application DE 19932635.5 ^ whicli is herein incorporated by reference . 

MM: The phase regulator in the phase locked loop (PLL) generates a stable 
clock signal essentially from a synchronization signal which is received via the 
fieldbus system and is subject to interference. If this synchronization signal received 
via the fieldbus system disappears permanentlyj {e.g. because there is no bus 
connection available any longer), then the phase regulator continues to produce a 
stable clock signal, although without being able to synchronize itself to the 
synchronization signal on the fieldbus system. 
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If the synchronization signal received via the fieldbus is permanently 



available again after some time^ (e.g. bus connection restored), this synchronization 
signal will generally be entirely asynchronous with respect to the stable clock signal 
produced by the phase regulator.4 f In this case, if the phase regulator is stopped-iH 
thia case , the stable clock pulses produced by the PLL disappear. If the phase 
regulator is restarted again, the stable clock pulses produced by the PLL are again 
produced in s:^'nchroniom svnchronization with the synchronization signal received 
via the fieldbus. 

IfiQMl This conventional procedure is probl e matical, howovor, problematic in 
terms of the.requirements of various apphcations, such as the coupling of 
interpolating drive axes. The synchronous operation of various axes, e.g. in the case 
of numerically controlled machine tools or robots, is dependent on the stable clock 
signal produced by the PLL.^^etu ^ For example, actual values are stored in 
synchronism with this clock pulse , for oxamplo, and nominal values are output. 

fQQ09] Ho\\^ovor, thc The resuh of the disappearance of the clock signal produced by 
the PLL is Si«i-that the machine tool is no longer able to determine the position of its 
axes and that the machine operator needs to r e r e feronco re-reference his axes. For 
this reaso n, it is desirable, from an application point of view, for 
resvnchronization to b e able to be carried out without the stable clock pulses 
produced by the PLL disappearing. 
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fQOlO] For thia r o ason, it io dooirablo, from an application point of \icw, for 
res}'nchronization to bo ablo to bo carriod out without tho stablo clock puloos produced 
by tho PLL dioappoaring. 

Mm Accordingly, what is need is a r esvnchrnnizatinn to the synchronization 



a shght change in the stable clock signal produced by the PLL. 

SUMMARY OF INVENTION 
[QOl^l It is the object of the present invention to provide a synchronization 
method for a reception unit which allows soft synchronization to an astable clock 
system, and also a reception unit corresponding thereto. 

IfifiUl The pr o Gcnt invontion achiovoo this object b}^ dovcloping tho G>Tichronization 
mothod dcooribod in the introduction on tho bapia of th o preamble of the main claim, 



ffiSMl the stablo clock oignals aro uood to drivo a pooond clock tranomittor, 

IMMl w^h e ro tho second clock transmittor gonoratos a aocond clock oignal which 

is continuouoly prcs o nt, ovon wh e n tho firot atablc clock oignala aro aboont, 
IQQ16I —The present in vention achieves this object by driving a second clock 
transmitter with stabl e clock signals, where the second clock transmitter 
generates a second cloc k signal which is continuonslv present, even when the first 
stable clock signals are absent and where a phase difference arising between the 
NY02:335347.1 
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first clock transmitter and the second clock transmitter is compensated for by 
influencing the period duration of the second clock transmitter. 

fQQ171 The result of soft synchronization is that the clock signals produced 
largely keep their period duration, so that there is ^assurance that applications 
called cyclically with this timing, such as software applications, can also be executed 
to the fiill extent. Since the clock signals largely maintain their period duration, the 
application also remains sufficiently accurate. In Particularl y particularlv. at points 
where timing is critical, such as speed calculations etc., great advantages are obtained 
hefebv the present inventinn as compared with a closed loop control solution. The 
net result being that the T)roces.s of soft synchronization-feus barely differs from the 
normal operating state of the machine. 

Mm In thio oontoxt, it hao boon found to bo accordance with the present 
invention, it is advantageous if only slight changes in the period duration of the 
second clock transmitter are made such that the phase difference is continuously 
reduced within a prescribed tune period until the first and the second clock signal are 
synchronous with one another. In this way, the process of synchronization is 
particularly soft. Thus, synchronization is performed particularly effectively if 
the period duration of th e second clock transmitter is influenced such that the 
shorter interval betw een the phases of the two clock signals is reduced. 
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M121 S>Tichronization io porformod particularly offootivoly if tho poriod 

dm-ation of tho G o cond clock tronDmittcr is influoncod such that tho ohortor intcrv^al 
betwoon tho phaaoa of th o two clock signals is reducod. 
fQ020] In accordance with another advantagoouo rofmomont of tho mothod 
according toembodiment of the present invention, the second clock transmitter is 
driven with a prescribed standard period duration in the event of the first stable clock 
signal being absent. This ensures that, even if the synchronization signal disappears, 
autarchic operation of the application is possible. 

100211 When a phase regulato r, outlined in tho introductio n of a conventional 
system, as described above, in a locked loop (PLL) is used to produce a first stable 
clock signal, the invention can be implemented particularly simply and effectively if 
fluctuations in the period duration of the first clock transmitter which are corrected by 
the phase regulator are mapped onto the second clock transmitter. 

IQQ221 hi this context, it has been found to be beneficial if the corrections in the 
period duration of the first clock transmitter which are ascertained by the phase 
regulator from clock pulse to clock pulse are taken into account both in the fu-st stable 
clock signal and in the continuously present second clock signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
120221 QfeerFor a complete und erstanding of the present invention and the 

advantages and dotails o f thereof. reference is now made to the im^cntion can be 
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found in thofollowing description below of an advantagooua oxcmplary embodiment 
a»dtaken in conjunction with the figuroo. In th e oo, olomonto having tho aamo 
functionality oxo idontifiod uoing the Gamo accompanving drawings in which like 
reference s^mbob. Tho figuroo show baoic illuotrationo, in whiol m nmbers indicate 
like features, components and method steps, as wherein: 

[00241 

DRAWINGS 

P'g"" ' I sh(wv sFIG. 1 illustrates a distributed control system;! 

Figuro 2 sfeew sFIG. 2 illustrates a reception unit^i 

FiguroFIG. Sshew s illustrates a phase locked loop with a controlled clock 
transmitter connected downstreams^ and 

Figuro 4 sfeew sFIG. 4 illustrates a timing diagram for the controlled 

synchronization. 

DETAILED DESCRIPTfON OF THE INVENTTON 
fPQ35] hi accordanco with FIGURE L Now referring to the drawings. FIG. 1 
iUustrates a distributed control system-ha s. The distributed control system 
includes a transmission unit 1 and reception units 2 connected to one another by 
means of a bus system 3. The transmission unit 1 cycUcally transmits messages to 
the reception units 2, which react to the received messages accordingly. By way of 
example, the reception units 2 read in input variables from a controlled technical 
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installation or application 4, and emit output variables to the technical installation or 
application 4. This is indicated in FIGUR E FIG. 1 by the arrows between the 
reception units 2 and the technical installation/application 4. 

Usually, the transmlGsion unit 1 and tho rocoption unita 2 communicate on tho basis 
of th e following, cyclically execut e d sch o mo: 

^00261 Usually, the transmission unit 1 and the reception units 2 
communicate on the bas is of the following, cyclically executed scheme; First, the 
transmission unit 1 transmits to the reception units 2 output variables which are 
intended to be output to the technical installation/appUcation 4. It then transmits an 
instruction message to the reception units 2. On transmission of the instruction 
message, the reception units 2 output the output variables to the technical installation 
4 and read in input variables from the technical installation 4. The input variables 
read in are then requested by the transmission unit 1. 

IfiQlZl Ideally, the above scheme is executed strictly cyclically and with strictly 
equidistant timing. In particular, the instruction messages can therefore be used as 
synchronization signals ^S,^ or synchronization signals ^S^^ can be derived from the 
instruction messages. The synchronization signals ^^S^ can then be used to 
synchronize the reception units 2 to the transmission unit 1. 

IQflM On the basis of FIGURES FIGS. 2 and 3, the synchronization signals 
received by the reception units 2 are supplied via a bus connection module T to a 
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phase regulator 5 in a phase locked loop 6. The phase locked loop 6 has a clock 
transmitter 7. Within the clock transmitter 7, a clock generator 8 produces primary 
clock signals which are suppUed to a frequency divider 9. At the output, the 
frequency divider 9 outputs the divided primary clock signals as individual clock 
signals. The clock signals are supplied to a clock signal counter 10. 

[0029] With ideal regulation of the clock generator 8, th e clock transmitter 7 outputs 
exactly one nominal number of clock signals b e tween two synchronization signals 
S, However, the clock transmitter 7 generally outputs a number Z of clock signals 
which differs from the nominal number Z^. The phase regulator 5 therefor e ascertains 
instantaneous phase e rrors z upon receipt of the s^Tichronization signals, and then 
readjusts the clock transmitter 7 such that it outputs th e nominal number Z* of clock 
signals b e tween two synchronization signals S. This is don e as follows: 
ro030] With ideal regulation of the clock generator 8, the clock transmitter 7 
outputs exactly one nominal number of clock signals between two 
synchronization signals ^'^S.^^ However, the clock transmitter 7 generally outputs 
a number Z of clock signals which differs from the nominal number Z^. The 
phase regulator 5 therefore ascertains instantaneous phase errors z upon receipt 
of the synchronization signals, and then readjusts the clock transmitter 7 such 
that it outputs the nominal number Z* of clock signals between two 
synchronization signals "S." This is done as follows; Before the start of 
synchronization, that is to sa\ i n other words before the first instantaneous phase 

error z is ascertained, a control unit 1 1 first prescribes a start signal for a driving unit 
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12. This driving unit then drives the clock generator 8 in the clock transmitter 7. 
When the clock signal counter 10 has counted the nominal number Z* of clock 
signals, the clock signal counter 1 0 transmits a signal to the driving imit 12. The 
driving unit J2 then stops the clock generator 8 again. The phase locked loop 6 has 
thus been "biased", so to speak. Upon receipt of the next synchronization signal, 
which is likewise transmitted to the driving unit 12, the driving unit then starts the 
clock generator 8 again. This increments the clock signal counter 10 again. 

fQ031] The reaching of the nominal number Z* and the arrival of the next 
synchronization signal ^S^ are reported to a primary clock counter 13. Upon the 
arrival of the first of these two signals, the primary clock counter 13 is startedt4^, 
Ufion the arrival of the second of the two signals, it is stopped. The count (which has 
an arithmetic sign) of the primary clock counter 13 is thus a direct measure of the 
error between the clocking of the clock transmitter 7 and the periodicity of the 
synchronization signals ^S.^ 

[QQ32| Upon receipt of the first synchronization signal after the clock 
transmitter 7 has been restarted, the count of the primary clock counter 13 is 
transmitted to the control unit 1 1 . The control unit uses it to calculate a correction 
value for driving the clock generator 8, and prescribes this correction value directly to 
the phase regulator 5. This at least substantially corrects the instantaneous phase 
error z detected during the first synchronization cycle. 
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fQ0331 In the further synchronization cycles, the primay clock counter 1 3 is 
always controlled on the basis of the synchronization signal ^^S^ and the reaching of 
the nominal number Z*. The primary clock counter 13 is started upon the arrival of 
the first of these two signals and is stopped upon the arrival of the second of these two 
signals. The count of the primary clock counter 13 is supplied to a comparator 14. 

IflQMl The count on the primary clock counter 1 3 is compared with a maximum 
error. If the count exceeds the maximum error, a timeout counter 15 is incremented, 
hi this case, no error signal is output to the phase regulator 5. The phase regulator 5 
maintains its previous output signal. 

IQMM The primary clock counter 1 3 is usually started and stopped whenever a 
synchronization signal «SI! is transmitted. However, it is also possible for a vaHdity 
signal '_^GZ to be additionally transmitted to the phase locked loop 6 by the control 
unit 1 1 . hi this case, the primary clock counter 1 3 is started and stopped only if the 
validity signal ^G^ is present. It is also possible to start and to evaluate the primary 
clock counter 13 with a phase offset with respect to the synchronization signal «S.^ 

IQM^ If the phase regulator corrects the instantaneous phase errors to form a 
proportional fraction, with the proportional fraction being less than one, the phase 
error is corrected more guieklv ^expeditionslv. This appHes particularly when the 
proportional fraction is greater than the integration fraction. 
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fQ037] If the phase regulator readjusts the clock transmitter only when the 
absolute value of the instantaneous phase error does not exceed a maximum error, 
delays in the synchronization signals as a result of acyclic messages do not cause 
erroneous readjustment of the clock transmitter. 

[0Q381 If a counter is incremented when the maximum error is exceeded, it is 
possible to detect a permanent error in the communication between transmission unit 
and reception unit, in particular. 

fOQ39| If a control unit transmits a vaUdity signal to the phase locked loop, and 
the synchronization method is carried out only when the vaUdity signal is present, it is 
necessary to ensure that the correct synchronization signals are used for 
synchronization. 

|0Q4fll If a clock generator within a clock transmitter produces primary clock 
signals which are suppUed to a frequency divider whose output emits the divided 
primary clock signals as clock signals, it is certain that all the components arranged 
between the clock generator and the frequency divider are likewise synchronized in 
the correct phase. 

IQMll If. before the first instantaneous phase error is ascertained, the clock 
transmitter outputs the nominal number of clock signals, is then stopped and is 
restarted upon receipt of the next synchronization signal, the reception unit is 
synchronized particularly rapidly upon startup. 
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^00421 If, upon receipt of the first synchronization signal after the clock 
transmitter has been restarted, the instantaneous phase error is at least essentially 
corrected and integration of the instantaneous phase errors and correction of the 
integration value, and possibly also correction of the instantaneous phase error, are not 
carried out until after receipt of the second synchronization signal, synchronization at 
the start of the method is speeded up even further. 

100421 According to la accordance with th e present invention, how^evor, the stable 
clock signal Z produced by the phase regulator in the phase locked loop 6 (PLL) is 
used only as an intermediate signal «b. ^For the actual application 4 operated on the 
bus system 3 by the reception unit 2, another continuously present clock signal ^a^ is 
produced. This is done using a further clock transmitter 7' which, hke tho fu-pt clock 
transmitter 7, [lacuna] likowioo via a clock gonorator 8' for producin g produces 
second primary clock signals and a frequency divider 9' connected downstream. The 
output signals therefrom are appUed to a clock signal counter 10' connected 
downstream. The way in which these components work is thus essentially equivalent 
to that for the phase locked loop 6. 

100441 The intermediate signals ^^b^ at the output of the first clock counter 10 m 

the phase locked loop 6 and the continuously present second clock signals ^^a^ at the 

output of the further clock counter 10' are supplied to a fiirther comparator ^^A^ for 

ascertaining the difference between the clock signals ^a^ for the application 4 and the 

stable clock signals ^^b^ from the phase locked loop 6. As the measurement result, 
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the difference ^c^ is supplied to a reporting unit C as a measure of the phase 
difference between the two clock signals ^^a^ and ^^b. ^This reporting unit reports 
when ^^c^ becomes zero, which means that the clock signal '^1 for the appUcation 4 is 
synchronous with the phase locked loop 6 and hence with the synchronization signal 
of the bus system 3. 

IQQ^ In addition, the phase difference ^^c^ is passed to a control unit B. This 
control unit additionally receives the regulator output ^d^ of the phase regulator 5 and 
also a status signal «e. ^The status signal '^oZ delivers information relating to the 
state of the phase locked loop 6, whether the PLL is locked and stable, or else not 
locked, astable, turned off or during the startup phase. A further signal passed to 
the control unit B provides the request for ^^^soft^^:: synchronization when needed. 

IQQ4£ The following manner of operation is now selected for the control unit B: 

; If the status signal f^e^ signals that the PLL 6 is not stable (not locked, 

turned off, startup phase etc.), the clock generator 8' is driven with a prescribed 

standard period duration. The clock generator 8 thus runs decoupled from the PLL 6 

and allows the application 4 to continue to operate autonomously without interruption. 

: If, by contrast, the status signal ^e^ signals that the PLL 6 is stable or 

locked, the clock generator 8' is driven using the regulator output ^d^ of the phase 

regulator 5, i.e. like the phase locked loop 6. The clock signals ^^a^ and ^b^ are thus 

produced exactly equally, i.e. the phase difference ^c^^ remains constant even if the 

clock signal has slight fluctuations in period duration. 
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z If the comparator A detects a phase difference ^c;;^ between the first 
clock signal ^^b^ and the second clock signal ^^a,^ which is continuously present, for 
the appUcation 4, the request signal ^f] is used to ask the control unit B to drive the 
clock generator 8' with a value which is shghtly modified as compared with the 
regulator output «d,^ so that the phase difference ^^c^ is gradually reduced. 

The slight change in the period duration of the clock signal ^a^ produced 
for the appUcation 4 enables said clock signal to be aUered such that the phase 
difference «c!! between the stable clock signal ^^b^ produced by the PLL 6 and the 
clock signal ^^a^^ produced for the application 4 is slowly ("softly") reduced until, after 
a certain time, the two clock signals ^a, b^ are synchronous or have been 
synchronized with one another. For this purpose, the phase regulator 5 needs to be 
turned on (again), i.e. needs to produce clock pulses. By continuously measuring a 
phase difference between the stable clock signal ^b^ produced by the PLL 6 and the 
clock signal 'y^. produced for the application 4, this phase difference can be gradually 
equaUzed to zero at any time by specifically changing the period duration of the clock 
signal ^^a^ produced for the application 4. 

MM If the phase difference is +1 000 ns, for example, then the period duration 
is now shortened by 10 ns in each case, for example in 100 periods of the clock signal 
"a^! produced for the application 4. This slowly and gradually reduces this phase 
difference to zero (^^soft synchronizations^^). 
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[00^9] Turning off the stable clock signal ^b^ produced by the PLL 6 and turning 
it on again thus has no effect on the clock signal ^a^ produced for the application 4. 
The application 4 can be operated without interruption. 

fOQSO] If-^ as in Hiem exemplary embodiment - of the present invention, the 
fu:st clock transmitter 7 is regulated by means of a phase locked loop 6, it is necessary 
to ensure that the measured phase difference ^^c^ does not alter from measurement to 
measurement on account of the control response of the PLL 6, so that the control unit 
B can drive the second clock transmitter 7' such that the phase difference ^c^ can be 
reduced specifically. 

To achiovo this, tho fluctuationo in the period duration of tho otablo clock 
signal b produced by the PLL 6 arc aloo on account of tho unavoidablo control 
r e sponse of tho PLL 6 mapped in the clock a ignal a produced for tho application 4 , 
provided that tho phaao regulator 5 is not currontl)^ tumod off 
MM To achieve this, the fluctu ations in the period duration of the stable 
clock signal "b" produc ed by the PLL 6 are also mapped m the clock signal "a" 
produced for the applic ation 4. due to the unavoidable control response of the 
PLL 6. provided that the phase regulator 5 is not currentlv turned off. This 
means that the corrections in the period duration which are ascertained from clock 
pulse to clock pulse by the PLL 6 are taken into account both in the stable clock signal 
^^b:: produced by the PLL 6 and in the clock signal produced for the apphcation 4. 
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The phase difference ^c^ thus remains constant if the control unit B forwards only the 
regulator output ^d^ to the second clock transmitter 7'. 

100521 This relationship is shown in the illustration in FIGURE FIG. 4. To this 
end, various cases X, Y and Z are shown, with the following signals being plotted 
above one another: received synchronization signal ^^S,^ stable clock signal ^^b^ 
produced by the PLL 6 and clock signal «a,^ which is continuously present and is 
produced for the application 4. 

lOfliii Case X shows a situation in which the synchronization signal ^S^ is 
subject to sUght jitter z (deviations from the ideal expected clock instant). This is 
indicated by virtue of the actual clock signal (unbroken line) being situated slightly to 
the side of an ideal expected clock instant (shown dotted). The stable clock signal 
'VZ generated by the PLL 6 is then situated virtually exactly at the expected clock 
instant. The clock signal 'jaZ produced for the application 4 is then situated to the 
side of the ideal exact clock instant with a possibly constant phase difference ^^cO.^ 

\^Q55] In case Yl or Y2, the synchronization signal ^SZ has a large degree of 
jitter z. This means that the PLL 6 produces a severe internal control response dl or 
d2 in order to generate a clock signal ^b^ which is synchronous with the 
synchronization signal ^S. ^This would now have a negative effect on the clock 
signal shifted by a phase difference ^^c,^ because the control response of the PLL 
6 would mean that this phase difference '_^cZ would not remain constant, but instead 
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would also change on the basis of the control response of the PLL 6. However, since 
the control unit B takes the regulator output ^^d^ into account when driving the second 
clock transmitter 1\ the phase difference ^^c^ remains constant CO. The PLL control 
response thus changes over to the application clock signal ^a.^ 

iflfii^ By virtue of the oscillations at the regulator output ^d^ now being mapped 
onto the final clock signal ^^a^ for the application 4 in cases Yl and Y2, this clock 
signal ^^a^ now behaves in exactly the same way as the first clock signal ^b" fi-om the 
PLL 6. This produces a defmed phase difference ^c^ between the clock signals "a^ 
and ^The two clock signals b^ thus appear identical and are shifted in time 
with respect to one another merely by a fixed phase shift. On the basis of these clock 
signals, the ^^^soft synchronization^i^ described above can then take place without 
difficulty. 

iflgill In principle, the problem can also be solved by virtue of the clock signal 
'yi produced for the application 4 being regulated directly to the received clock 
signal or to the synchronization signal ^S. ^However, this has the following 
disadvantages: 

: The "soft synchronization" needs to be carried out in the controlled 
variable of the regulator 5 (= eQuals corrections ascertained by the PLL) by a limiter. 
This nonlinearity complicates the control loop.-Sai d This nonlinearity needs to be 
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examined on the basis of closed loop control technology and taken into account in the 
control loop (e.g. using additional limiters in the integral component of the regulator). 

z In the application instance for a PROFfflUS, the PLL 6 is designed for 
correcting phase differences of approximately 1 i^s (order of magnitude of the 
maximum jitter). The control parameters of the PLL 6 are therefore set very slowly 
or ^^softlyii^ in order to filter the jitter. However. Siethe phase shifts '_tcZ arising 
during -^^soft synchronization-^ are situated in the ms range , howovor . This means 
that other, faster and hence ^^^harder^^ control parameters would be needed first. 
Changeover between these two control parameter sets would again represent a fiirther 
nonlrnearity in the control loop, which in turn compUcates the control loop. This 
would again need to be examined on the basis of closed loop control technology, and 
the necessary consequences would need to be derived. 

: On the basis of closed loop control technology, it would be necessary 
to take account of the fact that the phase differences ^c^ are situated in the order of 
magnitude of the clock period durations. Depending on the control response, the two 
clocks under consideration could "overtake" one another, which could result in jumps 
in the phase difference measurement A. This in turn represents a nonhnearity whose 
consequences would need to be examined. 

fOQSS] All these points represent increased levels of involvement with no 
advantage as compared with the open loop control solution in accordance with the 
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present invention. Reducing the problem to an open loop controller instead of a 
closed loop controller allows significant simplification by contrast. 

r0059] The method according to the present invention allows, in particular, even 
interpolating axes with disttibuted conti-ol to be driven with sufficient accuracy. 

r00601 Although the p resent invention has been described in detail with reference 
to specific exemplarv e mbodiments thereof, various modifications, alterations 
and adaptations mav be made bv those skilled in the art without departing from 
the spirit and scope of t he invention. It is intended that the invention be limited 
onlv bv the appended claims. 
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Version With Marked Changes Made 

IN THE CLAIMS : 

Please amend claims 1-7 as follows: 

1 . (Amended) A synchronization method for a reception mat-m, said method 
comprising; 

whoro cyclically omitto dt ransmitting synchronization signals (S) arc 

transmitted to the rocoption unit (2) b\ f rom a transmission unit wte=e 

fe eto at least one reception uni t (2) supplies the^ 

supplying said synchronization signals ^from said at least one reception 
unit to a first clock transmitter-^, wh^e-fe e said first clock transmitter (7) outputs 
an oooontiallyoutputting a stable number of clock signals (b or Z) b etween two of 
said.synchronization signals^ fS^and 

\vheroin thooo otablo clock oignab (b or Z) arc usod to driv e driving a second 
clock transmitter (7'), whoro tho second clock tranomittor (7') gonoratos using said 
stable clock signals, sa id second clock transmitter generating a second clock signal 
(a)-which is continuously present, even when th o first said stable clock signals (b and 

are absent,-whef e wherein a phase difference (6)-arising between thesaid first 
clock transmitter (Tfand feesaid second clock transmitter-(7^ is compensated for by 
influencing #iea period duration of thesaid second clock transmitter-^?:). 
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2. (Amended) The s >'nchronization m ethod for a reception unit aa claimed 
iflof claim 1, wherein only shght changes infeesaid period duration of ft«said second 
clock transmitter-(7^) are made such that ftesaid phase difference-(e) is continuously 
reduced within a prescribed time period until feesaid fes tstable clock signal (b or 
Z)signals and #iesaid second clock signal-^ are synchronous with one another. 

3. (Amended) The o^nchronization method for a roc o ption unit aa claimed 
iaof claim 1 or 2, wherein feesaid period duration of Siesaid second clock transmitter 
^ is influenced such that to shorter interval between the-phases offeesaid 
twestable clock signals fa- ^and said second clock signal are reduced. 

4. (Amended) The s3Tichronization method for a reception unit aa claimed in 
ene-of elaifHsclaim 1 teor 5^2^ wherein feesaid second clock transmitter-fP) is driven 
with a prescribed standard period duration in the event ef^iesaid first stable clock 
signal (b or Z) boin gs ignals are absent. 

5. (Amended) The a^Tiohronization The method for a rocoption unit ao claimod 
iiteHe-of claims 1 teA-, wh^e-th eor 2. wherein said at least one 

reception umt-(3) supplies #^sa|d synchronization signals ^to feesaid first clock 
transmitter-^?) via a phase regulator (Sfin a phase locked loop-(6)j. 

where the phaoo regulator (5), upon VQcomng the a^nchronization oignalfl (S), 
ascortaino inatantancous phase orroro (Z) and roadjusto th e first clock 
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transmitter (7) such that tho first clock transmitter (7) outputs a nominal 
number (Z*) of clock signals between two s>7achronization signals (S), 
wh e rein fluctuations in tho period duration of th e first clock transmitter (7) which ar c 
corr e ct e d by tho phase regulator (5) are mapp e d onto the second clock transmitter (7'), 

6. (Amended) The s>iichronization method for a reception unit as claimed 
inof claim &^9^ wherein-fee corrections (d)-in feesaid period duration of feesaid first 
clock transmitter-^^ which are ascertained by feesaid phase regulator (5)-from clock 
pulse to clock pulse^ are taken into account both in the first said stable clock signal {b 
or Z) and in th e continuously prcsont said second clock signal-(^. 

7. (Amended) A reception unit for carr}ing out a s>iichronization method as 
claimed in on e of the prec e ding claims. synchronizing signals, said reception unit 
comprising: 

Abstract 

a first clock tr ansmitter, said first clock transmitter outputting a stable 
number of clock sign als between two of synchronization signals received from a 
transmission unit: and 

a second clock transmitter, said second clock transmitter using said stable 
clock sign als, said second clock transmitter generating a second clock signal 
which is co ntinuously present, eyen when said stable clock signals are absent. 
wherein a phase difference arising between said first clock transmitter and said 
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second clock transmitt er is compensated for bv influencing a period duration of 
said second clock transmitter. 
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Version With Marked Changes Made 
IN THE ABSTRACT : 

Please amend the Abstract as follows: 

ABSTRACT OF THE DISCLOSURE 



Mefee dA method for controlled synchronization to an astable clock system, and 
reception unit corresponding thereto are disclosed. Soft synchronization using a 
slight change in the period duration of the clock signal (a)-produced makes it possible 
to alter said clock signal such that a phase difference (e)-between the stable clock 
signal (b)-produced by a Pfe^^ ^phased locked loon upon a synchronization signal 
(Sfand the clock signal-^ produced for feean appHcation (4)-is slowly reduced until 
the two clock signals (%-b)-are in o^'nchromom synchronization with one another after 
a eertaiaperiod of time. Thia moano that tho clock oignalo a producod largely koop 
th e ir p e riod duration, go that thoro io the aoouranco that applicationo called cyoUcally 
with this clock pubo can be executed to tho full oxtont with tho ncccsaary dcgrco of 
accuracy. By \irtuc of fluctuations in tho period duration of the firat clock tranomittcr 
which aro corrected by tho PLL (6) being mapped onto tho occond clock tranomittor, a 
phase difforonco (o) which io to bo componoatod for romaina constant. The prooopci of 
aoft g^Tichronization thuo barely difforo from tho normal operating otato. 
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TO ALL WHOM IT MAY CONCERN: 

Be it known that WE, HENDRIK ROTSCH and DIETMAR 
WANNER, citizens of Germany, residing in Luppa, Germany, and Erlangen, 
Germany, respectively, whose post office addresses are Flurstr.5, 04774 Luppa, 
Germany and Pfinzingweg 11 A, 91058 Erlangen, Germany, respectively, have 
invented an improvement in 

METHOD FOR CONTROLLED SYNCHRONIZATION TO AN ASTABLE CLOCK 
SYSTEM, AND RECEPTION UNIT CORRESPONDING THERETO 

of which the following is a 

SUBSTITUTE SPECIFICATION 

FIELD OF THE INVENTION 
[0001] The present invention relates to synchronization of transmitted signals. In 
particular, the present invention relates to synchronizing signals transmitted to a 
reception unit by a transmission unit. 
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BACKGROUND OF THE INVENTION 
[0002] Reception units, and methods for synchronizing signals are generally known. 
These known reception units are used, among other things, in fieldbus systems, e.g. in 
the PROFIBUS. Such fieldbus systems are distributed control systems which 
generally have a transmission unit (head assembly, bus master) and a multipUcity of 
reception units (slaves). The individual slave assembhes are usually driven by virtue 
of the transmission unit transmitting an instruction message to the reception units. 
Upon receipt of the instruction message, the reception units output to a controlled 
technical installation nominal values which have been transmitted to them previously 
by the transmission unit. At the same time, they read in from the controlled technical 
installation actual values which they subsequently transmit to the transmission unit. 
The transmission unit then calculates new nominal values which it transmits to the 
individual reception units, so that the reception units are ready for the next instruction 
message. 

[0003] The instruction messages are sent by the transmission unit with equidistant 
timing. From the instruction messages it is therefore possible to derive 
synchronization signals which can be used to synchronize the reception units to the 
transmission unit. 

[0004] hi practice, some latitude in time remains between transmission of the actual 

values read into the transmission unit and transmission of the nominal values to the 

reception units, on the one hand, and transmission of the next instruction message, on 
NY02 : 335302 . 1 o 
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the other hand. This latitude is generally used for "acyclic" messages. In this context, 
delays by the acyclic messages may cause individual instruction messages to be sent 
late. Reception of such instruction messages sent late causes erroneous 
resynchronization of the reception units. 

[0005] In time-critical applications, particularly when coupling interpolating drive 
axes, such erroneous resynchronization cannot be tolerated. To prevent it, a phase 
regulator has therefore been proposed such that the reception unit suppHes the 
synchronization signals to a first clock transmitter via this phase regulator in a phase 
locked loop, and, upon receipt of the synchronization signals, the phase regulator 
ascertains instantaneous phase errors and readjusts the first clock transmitter such that 
the first clock transmitter outputs a nominal number of clock signals between two 
synchronization signals. To achieve sufficient accuracy in the synchronization with 
the transmission unit, it has been proposed that the phase regulator integrate the 
instantaneous phase errors to form an integration value, and that the integration value 
be corrected to form an integration fraction, the integration fraction being less than 
one. This method is described in foreign patent application DE 19932635.5 which is 
herein incorporated by reference. 

[0006] The phase regulator in the phase locked loop (PLL) generates a stable clock 
signal essentially from a synchronization signal which is received via the fieldbus 
system and is subject to interference. If this synchronization signal received via the 
fieldbus system disappears permanently, e.g. because there is no bus connection 
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available any longer, then the phase regulator continues to produce a stable clock 
signal, although without being able to synchronize itself to the synchronization signal 
on the fieldbus system. 

[0007] If the synchronization signal received via the fieldbus is permanently available 
again after some time, e.g. bus connection restored, this synchronization signal will 
generally be entirely asynchronous with respect to the stable clock signal produced by 
the phase regulator, hi this case, if the phase regulator is stopped, the stable clock 
pulses produced by the PLL disappear. If the phase regulator is restarted again, the 
stable clock pulses produced by the PLL are again produced in synchronization with 
the synchronization signal received via the fieldbus. 

[0008] This conventional procedure is problematic in terms of the requirements of 
various appUcations, such as the couphng of interpolating drive axes. The 
synchronous operation of various axes, e.g. in the case of numerically controlled 
machine tools or robots, is dependent on the stable clock signal produced by the PLL. 
For example, actual values are stored in synchronism with this clock pulse and 
nominal values are output, 

[0009] The result of the disappearance of the clock signal produced by the PLL is that 
the machine tool is no longer able to determine the position of its axes and that the 
machine operator needs to re-reference his axes. For this reason, it is desirable, from 
an application point of view, for resynchronization to be able to be carried out without 

NY02:335302.1 4 



A34306- 071308.0160 
PATENT 

the stable clock pulses produced by the PLL disappearing, 

[0010] Accordingly, what is need is a resynchronization to the synchronization signal 
received from the fieldbus which is "soft", i.e. should involve only a sUght change in 
the stable clock signal produced by the PLL. 

SUMMARY OF INVENTION 
[0011] It is the object of the present invention to provide a synchronization method for 
a reception xmit which allows soft synchronization to an astable clock system, and also 
a reception unit corresponding thereto. 

[0012] The present invention achieves this object by driving a second clock 
transmitter with stable clock signals, where the second clock transmitter generates a 
second clock signal which is continuously present, even when the first stable clock 
signals are absent and where a phase difference arising between the first clock 
transmitter and the second clock transmitter is compensated for by influencing the 
period duration of the second clock transmitter. 

[0013] The result of soft synchronization is that the clock signals produced largely 
keep their period duration, so that there is assurance that applications called cyclically 
with this timing, such as software applications, can also be executed to the fixU extent. 
Since the clock signals largely maintain their period duration, the application also 
remains sufficiently accurate. In particularly, at points where timing is critical, such as 
speed calculations etc., great advantages are obtained by the present invention as 
NY02:335302.1 5 
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compared with a closed loop control solution. The net result being that the process of 
soft synchronization barely differs from the normal operating state of the machine. 

[0014] In accordance with the present invention, it is advantageous if only sUght 
changes in the period duration of the second clock transmitter are made such that the 
phase difference is continuously reduced within a prescribed time period until the first 
and the second clock signal are synchronous with one another. In this way, the process 
of synchronization is particularly soft. Thus, synchronization is performed particularly 
effectively if the period duration of the second clock transmitter is influenced such that 
the shorter interval between the phases of the two clock signals is reduced. 

[0015] Li accordance with another embodiment of the present invention, the second 
clock transmitter is driven with a prescribed standard period duration in the event of 
the first stable clock signal being absent. This ensures that, even if the synchronization 
signal disappears, autarchic operation of the application is possible, 

[0016] When a phase regulator of a conventional system, as described above, in a 
locked loop (PLL) is used to produce a first stable clock signal, the invention can be 
implemented particularly simply and effectively if fluctuations in the period duration 
of the first clock transmitter which are corrected by the phase regulator are mapped 
onto the second clock transmitter. 

[0017] In this context, it has been found to be beneficial if the corrections in the period 
duration of the first clock transmitter which are ascertained by the phase regulator 
My02 :335302 . 1 6 
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from clock pulse to clock pulse are taken into account both in the first stable clock 
signal and in the continuously present second clock signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] For a complete understanding of the present invention and the advantages 
thereof, reference is now made to the following description taken in conjunction with 
the accompanying drawings in which like reference numbers indicate like features, 
components and method steps, as wherein: 

FIG, 1 illustrates a distributed control system; 
FIG. 2 illustrates a reception unit; 

FIG. 3 illustrates a phase locked loop with a controlled clock transmitter 
connected downstream; and 

FIG. 4 illustrates a timing diagram for the controlled synchronization. 

DETAILED DESCRIPTION OF THE INVENTION 
[0019] Now referring to the drawings, FIG. 1 illustrates a distributed control system. 
The distributed control system includes a transmission unit 1 and reception vmits 2 
connected to one another by means of a bus system 3. The transmission unit 1 
cyclically transmits messages to the reception units 2, which react to the received 
messages accordingly. By way of example, the reception units 2 read in input 
variables from a controlled technical installation or application 4, and emit output 
variables to the technical installation or application 4. This is indicated in FIG. 1 by 
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the arrows between the reception units 2 and the technical installation/apphcation 4. 

[0020] Usually, the transmission unit 1 and the reception units 2 communicate on the 
basis of the following, cycUcally executed scheme: First, the transmission unit 1 
transmits to the reception units 2 output variables which are intended to be output to 
the technical installation/apphcation 4. It then transmits an instruction message to the 
reception units 2. On transmission of the instruction message, the reception units 2 
output the output variables to the technical installation 4 and read in input variables 
from the technical installation 4. The input variables read in are then requested by the 
transmission unit 1 . 

[0021] Ideally, the above scheme is executed strictly cychcally and with strictly 
equidistant timing. In particular, the instruction messages can therefore be used as 
synchronization signals "S," or synchronization signals "S" can be derived from the 
instruction messages. The synchronization signals "S" can then be used to 
synchronize the reception units 2 to the transmission unit 1. 

[0022] On the basis of FIGS. 2 and 3, the synchronization signals received by the 
reception units 2 are supplied via a bus connection module 2' to a phase regulator 5 in 
a phase locked loop 6. The phase locked loop 6 has a clock transmitter 7. Within the 
clock transmitter 7, a clock generator 8 produces primary clock signals which are 
supplied to a frequency divider 9. At the output, the frequency divider 9 outputs the 
divided primary clock signals as individual clock signals. The clock signals are 
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supplied to a clock signal counter 10. 

[0023] With ideal regulation of the clock generator 8, the clock transmitter 7 outputs 
exactly one nominal number Z* of clock signals between two synchronization signals 
"S." However, the clock transmitter 7 generally outputs a number Z of clock signals 
which differs from the nominal number Z*. The phase regulator 5 therefore ascertains 
instantaneous phase errors z upon receipt of the synchronization signals, and then 
readjusts the clock transmitter 7 such that it outputs the nominal number Z* of clock 
signals between two synchronization signals "S." This is done as follows: Before the 
start of synchronization, in other words before the first instantaneous phase error z is 
ascertained, a control unit 1 1 first prescribes a start signal for a driving unit 12. This 
driving unit then drives the clock generator 8 in the clock transmitter 7. When the 
clock signal counter 10 has counted the nominal number Z* of clock signals, the clock 
signal counter 10 transmits a signal to the driving unit 12. The driving unit 12 then 
stops the clock generator 8 again. The phase locked loop 6 has thus been "biased", so 
to speak. Upon receipt of the next synchronization signal, which is likewise 
transmitted to the driving imit 12, the driving unit then starts the clock generator 8 
again. This increments the clock signal counter 10 again. 

[0024] The reaching of the nominal number Z* and the arrival of the next 
synchronization signal "S" are reported to a primary clock counter 13. Upon the 
arrival of the first of these two signals, the primary clock counter 13 is started. Upon 
the arrival of the second of the two signals, it is stopped. The count (which has an 
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arithmetic sign) of the primary clock counter 13 is thus a direct measure of the error 
between the clocking of the clock transmitter 7 and the periodicity of the 
synchronization signals "S." 

[0025] Upon receipt of the first synchronization signal "S" after the clock transmitter 7 
has been restarted, the count of the primary clock counter 13 is transmitted to the 
control unit 1 1 . The control unit uses it to calculate a correction value for driving the 
clock generator 8, and prescribes this correction value directly to the phase regulator 5. 
This at least substantially corrects the instantaneous phase error z detected during the 
first synchronization cycle. 

[0026] In the further synchronization cycles, the primary clock counter 13 is always 
controlled on the basis of the synchronization signal "S" and the reaching of the 
nominal number Z*. The primary clock counter 13 is started upon the arrival of the 
first of these two signals and is stopped upon the arrival of the second of these two 
signals. The count of the primary clock counter 13 is suppUed to a comparator 14. 

[0027] The count on the primary clock counter 13 is compared with a maximum error. 
If the count exceeds the maximum error, a timeout counter 15 is incremented. In this 
case, no error signal is output to the phase regulator 5. The phase regulator 5 
maintains its previous output signal. 

[0028] The primary clock counter 13 is usually started and stopped whenever a 
synchronization signal "S" is transmitted. However, it is also possible for a validity 
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signal "G" to be additionally transmitted to the phase locked loop 6 by the control unit 

1 1 . In this case, the primary clock counter 13 is started and stopped only if the vaUdity 

signal "G" is present. It is also possible to start and to evaluate the primary clock 

counter 13 with a phase offset with respect to the synchronization signal "S." 

[0029] If the phase regulator corrects the instantaneous phase errors to form a 
proportional fraction, with the proportional fraction being less than one, the phase 
error is corrected more expeditiously. This applies particularly when the proportional 
fraction is greater than the integration fraction. 

[0030] If the phase regulator readjusts the clock transmitter only when the absolute 
value of the instantaneous phase error does not exceed a maximum error, delays in the 
synchronization signals as a result of acyclic messages do not cause erroneous 
readjustment of the clock transmitter, 

[0031] If a counter is incremented when the maximum error is exceeded, it is 
possible to detect a permanent error in the communication between transmission unit 
and reception unit, in particular. 

[0032] If a control unit transmits a validity signal to the phase locked loop, and the 
synchronization method is carried out only when the validity signal is present, it is 
necessary to ensure that the correct synchronization signals are used for 
synchronization. 
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[0033] If a clock generator within a clock transmitter produces primary clock signals 
which are supplied to a frequency divider whose output emits the divided primary 
clock signals as clock signals, it is certain that all the components arranged between 
the clock generator and the frequency divider are likewise synchronized in the correct 



[0034] If, before the first instantaneous phase error is ascertained, the clock transmitter 
outputs the nominal number of clock signals, is then stopped and is restarted upon 
receipt of the next synchronization signal, the reception unit is synchronized 
particularly rapidly upon startup. 

[0035] If, upon receipt of the first synchronization signal after the clock transmitter 
has been restarted, the instantaneous phase error is at least essentially corrected and 
integration of the instantaneous phase errors and correction of the integration value, 
and possibly also correction of the instantaneous phase error, are not carried out until 
after receipt of the second synchronization signal, synchronization at the start of the 
method is speeded up even fixrther. 

[0036] hi accordance with the present invention, the stable clock signal Z produced by 
the phase regulator in the phase locked loop 6 (PLL) is used only as an intermediate 
signal "b." For the actual application 4 operated on the bus system 3 by the reception 
unit 2, another continuously present clock signal "a" is produced. This is done using a 
further clock transmitter T which produces second primary clock signals and a 
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frequency divider 9' connected downstream. The output signals therefrom are applied 
to a clock signal counter 10' connected downstream. The way in which these 
components work is thus essentially equivalent to that for the phase locked loop 6. 

[0037] The intermediate signals "b" at the output of the first clock counter 10 in the 
phase locked loop 6 and the continuously present second clock signals "a" at the 
output of the further clock coxmter 10' are supplied to a further comparator "A" for 
ascertaining the difference between the clock signals "a" for the appUcation 4 and the 
stable clock signals "b" from the phase locked loop 6. As the measurement result, the 
difference "c" is supphed to a reporting unit C as a measure of the phase difference 
between the two clock signals "a" and "b." This reporting unit reports when "c" 
becomes zero, which means that the clock signal "a" for the application 4 is 
synchronous with the phase locked loop 6 and hence with the synchronization signal 
of the bus system 3. 

[0038] In addition, the phase difference "c" is passed to a control unit B. This control 
unit additionally receives the regulator output "d" of the phase regulator 5 and also a 
status signal "e." The status signal "e" delivers information relating to the state of the 
phase locked loop 6, whether the PLL is locked and stable, or else not locked, astable, 
turned off or during the startup phase. A further signal passed to the control unit B 
provides the request for "soft" synchronization when needed. 

[0039] The following manner of operation is now selected for the control unit B: 
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- If the status signal "e" signals that the PLL 6 is not stable (not locked, 
turned off, startup phase etc.), the clock generator 8* is driven with a prescribed 
standard period duration. The clock generator 8 thus runs decoupled from the PLL 6 
and allows the apphcation 4 to continue to operate autonomously without interruption. 

- If, by contrast, the status signal "e" signals that the PLL 6 is stable or 
locked, the clock generator 8' is driven using the regulator output "d" of the phase 
regulator 5, i.e. like the phase locked loop 6. The clock signals "a" and "b" are thus 
produced exactly equally, i.e. the phase difference "c" remains constant even if the 
clock signal "b" has slight fluctuations in period duration. 

- If the comparator A detects a phase difference "c" between the first 
clock signal "b" and the second clock signal "a," which is continuously present, for the 
apphcation 4, the request signal "f ' is used to ask the control unit B to drive the clock 
generator 8' with a value which is slightly modified as compared with the regulator 
output "d," so that the phase difference "c" is gradually reduced. 

[0040] The slight change in the period duration of the clock signal "a" produced for 
the apphcation 4 enables said clock signal "a" to be altered such that the phase 
difference "c" between the stable clock signal "b" produced by the PLL 6 and the 
clock signal "a" produced for the application 4 is slowly ("softly") reduced until, after 
a certain time, the two clock signals "a, b" are synchronous or have been synchronized 
with one another. For this purpose, the phase regulator 5 needs to be turned on 
(again), i.e. needs to produce clock pulses. By continuously measuring a phase 
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difference between the stable clock signal "b" produced by the PLL 6 and the clock 
signal "a" produced for the application 4, this phase difference can be gradually 
equalized to zero at any time by specifically changing the period duration of the clock 
signal "a" produced for the application 4. 

[0041] If the phase difference is +1000 ns, for example, then the period duration is 
now shortened by 10 ns in each case, for example in 100 periods of the clock signal 
"a" produced for the application 4. This slowly and gradually reduces this phase 
difference to zero ("soft synchronization"). 

[0042] Turning off the stable clock signal "b" produced by the PLL 6 and turning it on 
again thus has no effect on the clock signal "a" produced for the application 4. The 
appUcation 4 can be operated without interruption. 

[0043] If, as in an exemplary embodiment of the present invention, the first clock 
transmitter 7 is regulated by means of a phase locked loop 6, it is necessary to ensure 
that the measured phase difference "c" does not alter from measurement to 
measurement on account of the control response of the PLL 6, so that the control unit 
B can drive the second clock transmitter 7' such that the phase difference "c" can be 
reduced specifically. 

[0044] To achieve this, the fluctuations in the period duration of the stable clock 
signal "b" produced by the PLL 6 are also mapped in the clock signal "a" produced for 
the application 4, due to the unavoidable control response of the PLL 6, provided that 
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the phase regulator 5 is not currently turned off. This means that the corrections in the 
period duration which are ascertained from clock pulse to clock pulse by the PLL 6 are 
taken into account both in the stable clock signal "b" produced by the PLL 6 and in the 
clock signal "a" produced for the appHcation 4. The phase difference "c" thus remains 
constant if the control unit B forwards only the regulator output "d" to the second 
clock transmitter 1\ 

[0045] This relationship is shown in the illustration in FIG. 4. To this end, various 
cases X, Y and Z are shown, with the following signals being plotted above one 
another: received synchronization signal "S/' stable clock signal "b" produced by the 
PLL 6 and clock signal "a " which is continuously present and is produced for the 
appUcation 4. 

[0046] Case X shows a situation in which the synchronization signal "S" is subject to 
slight jitter z (deviations from the ideal expected clock instant). This is indicated by 
virtue of the actual clock signal (unbroken line) being situated slightly to the side of an 
ideal expected clock instant (shown dotted). The stable clock signal "b" generated by 
the PLL 6 is then situated virtually exactly at the expected clock instant. The clock 
signal "a" produced for the appUcation 4 is then situated to the side of the ideal exact 
clock instant with a possibly constant phase difference "cO." 

[0047] hi case Yl or Y2, the synchronization signal "S" has a large degree of jitter z. 
This means that the PLL 6 produces a severe internal control response dl or 62 in 
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order to generate a clock signal "b'' which is synchronous with the synchronization 
signal "S." This would now have a negative effect on the clock signal "a" shifted by a 
phase difference "c," because the control response of the PLL 6 would mean that this 
phase difference "c" would not remain constant, but instead would also change on the 
basis of the control response of the PLL 6. However, since the control unit B takes the 
regulator output "d" into account when driving the second clock transmitter 1\ the 
phase difference "c" remains constant CO. The PLL control response thus changes 
over to the apphcation clock signal "a." 

[0048] By virtue of the oscillations at the regulator output "d" now being mapped 
onto the final clock signal "a" for the application 4 in cases Yl and Y2, this clock 
signal "a" now behaves in exactly the same way as the first clock signal "b" fi-om the 
PLL 6. This produces a defined phase difference "c" between the clock signals "a" 
and "b." The two clock signals "a, b" thus appear identical and are shifted in time 
with respect to one another merely by a fixed phase shift. On the basis of these clock 
signals, the "soft synchronization" described above can then take place without 
difficulty. 

[0049] In principle, the problem can also be solved by virtue of the clock signal "a" 
produced for the apphcation 4 being regulated directly to the received clock signal "b" 
or to the synchronization signal "S." However, this has the following disadvantages: 

- The "soft synchronization" needs to be carried out in the controlled 
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variable of the regulator 5 (equals corrections ascertained by the PLL) by a limiter. 
This nonlinearity complicates the control loop. This nonlinearity needs to be 
examined on the basis of closed loop control technology and taken into account in the 
control loop (e.g. using additional limiters in the integral component of the regulator). 

- In the appUcation instance for a PROFIBUS, the PLL 6 is designed for 
correcting phase differences of approximately 1 ^s (order of magnitude of the 
maximum jitter). The control parameters of the PLL 6 are therefore set very slowly or 
"softly" in order to filter the jitter. However, the phase shifts "c" arising during "soft 
synchronization" are situated in the ms range. This means that other, faster and hence 
"harder" control parameters would be needed first. Changeover between these two 
control parameter sets would again represent a fiirther nonlinearity in the control loop, 
which in tum complicates the control loop. This would again need to be examined on 
the basis of closed loop control technology, and the necessary consequences would 
need to be derived. 

- On the basis of closed loop control technology, it would be necessary to 
take account of the fact that the phase differences "c" are situated in the order of 
magnitude of the clock period durations. Depending on the control response, the two 
clocks under consideration could "overtake" one another, which could result in jumps 
in the phase difference measurement A. This in tum represents a nonlinearity whose 
consequences would need to be examined. 

[0050] All these points represent increased levels of involvement with no advantage as 
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compared with the open loop control solution in accordance with the present 
invention. Reducing the problem to an open loop controller instead of a closed loop 
controller allows significant simplification by contrast. 

[0051] The method according to the present invention allows even interpolating axes 
with distributed control to be driven with sufficient accuracy. 

[0052] Although the present invention has been described in detail with reference to 
specific exemplary embodiments thereof, various modifications, alterations and 
adaptations maybe made by those skilled in the art without departing from the spirit 
and scope of the invention. It is intended that the invention be Umited only by the 
appended claims. 
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